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_ not fully reversible. 


An hypothesis concerhing a definition ofthe concepts 


oF aubiictatice ‘and accommodation was tested. Ecth assisilaticn and. 


accommodation were hypothesized tc be grocesses that prodtce changes 
in cognitive structures--internal representaticns. used tc organize 


‘ behavior. The hypothesis is that, in ccntrast. te aseinilation, the he 1 


changes in structure caused by accomodaticn are. cnly partially 
reversible. The experinént was a aultidinensional scaling procedure — 
repeated three tises.to reproduce walking distances between buildings 


asked to estimate distances as though an imaginary barrier blocked 
the sifldle of the campus. The third tine, the students were asked to 
reproduce their original estimates. The results shoved that: the 
/accomsodation condition had a statistically significant. effect on the 
‘§Judgwents made on the third trial, thus supporting the hyrothesis — 
that accommodation froduces changes a cegnitive structures that are 
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‘ on a familiar college campus. The second tise, the students in the " : 
assimilation condition estimated distances between additional ‘sm. J 
buildings, whereas the students in the accossoéaticn condition were ot ee 
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An important premise underlying the distinction between assimilation 
and “accommodation ig that a: assimilation: the acquisition of certain kinds 
of information merely elaborates existing connttive structures whereas: in . 4 
ancoeddurhes the acquisition of other Kinds of information signttdcantly | 
reshapes existing cognitive structures. Such ene is 1atrinsic. to many” 
accounts of cognitive Sergsppment since it provides a specifiable mechanism 


ry t : é 
' for cognitive change. However, the accommodation hypothesis--that the ‘die- ’ 


‘tortion of cognitive structure through the acquisition of incongruent data ne es 
results in enduring cognitive change--has never been tested directly: Internal 
_ Fepresentations are not easily quantified, and distortions of tiate structure | 
-t are not readily devised. The work I will be presenting here represents an 
- attempt to conceptualize the agcommodation hypothesis more precisely and to 
provide a denonstration of the process that may underlie the phenomenon of 
accommodation. : | . ‘ 
I eiieve that there are three binds oF assumptions that are needed to 


. . % ~ 
% ; construct a viable model of the process of accommodation. . One must decide 
| what initiates the process, what the process involves, and what its outcome 
is. Let me spnsiger now the fitst question. Cognitive structures are Syeaienes 
. . representations that an individual uses to organize his behavior ig pecksngner an 


: situations. ‘One claim implicit. in the accommodation hypothesie is that the 
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structure of an internal representation sos be incompatible MAES the structure ~~ 


of the: enyironnental ér, task setting and dive it an th : noncorrespondence of 


‘structure that initiates the: | ical of accomodation. (ne srectes wey of 


defining - such a state ie by the incongruity that results when the geouatey ‘ 


' time and distance between various pairs of landmarks 11 then be systemat- 


\ ‘ 2 ‘ - , -2- 
\ : ! Be : , 


ry J ; | 
* 


of an internal ‘ psychological structure does not ce ee to the geometry . 
of.an external reality structure. This state can be realized experimentally 
if one studies cognitive maps that individuals have of] familiar terrains. 


Geonetric incongruity can be pbrained by’ the simple exp édient of inserting at 


barrier in the terrain represented by a given cognitiv map. The traveling 


ically distorted by the need to detour around the barrder. On the other hand, 
a different, although geometrically congruent, cogniti e map results from / iq 
adding some, new landmarks to the terrain and removing some old ones. Thus, a ha by 
by idaiaig a barrier.to a terrain, one can simulate the beduoeweat incongruence 
thought t6 promote “processes ‘of accommodation, and by modifying the, landmark 
composition of that terrain, one can simulate the steuctured congruence 
thought to characterize processes of assimilation. | 

Given that we have defined what we mean by sericea incompatibility, 
how can wat Senet what goes on in the process that it is said to initiate? 
It silat be aE first that there is some pressur for an individual to 
encode a ect lta is incohgruent i an inter Vitaitd even he. 
already possesses. If he is to encode that structure, then aes only do 
it by applying a sequence of transformations to his most appropriate repre- 
sentation in order to construct aise epee tue to of the required structure. 
I want to ‘gugzent that the crux af the accommodation hypothesis is the ; 


suggestion that when such Soana¥ evades sig ae aa of structure, 


it is not wholly possible to reverse the en a process so as to 
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recover the original representation. Thus accommodation can be said to 7 


occur wherever .the task-tuposed transformations of an existing cognitive 
| 


; structure. are only paréially reversible; assimilation is said e occur 


| wherever the. Arana ¥oraattons are completely reversible. 


tt is now appropriate to consider how the outcome of the accommodation 
aricei might be measured. what is ‘ebiaie 48 realize in this context, Ae. 
that the proposition that the structure of an internal. representation has 
been reshaped. implies that the original representation is. sis ‘longer available. 
As such, if we ask an individual who has constructed a mepresentariey 


incongfuent. with an earlier one to reproduce his initial representation, the 


representation, he recalls should be structurally different from the actual, 


" representation he brought ta the situation. We oan, measure the amount of 


- 


accommodat ion a given itera oa ca has undergone oY measur ing the 
degree to which the discrepancy between re and post-tranefornation repre- 


sentations. can be predicted froma knowledge ‘of the distortions that: the - 
/ - < y 3 
transformational ‘construction imposed upon thé original representation. Any 


acceptable test of the accommodation hypgghesis must, Shereters; involve a . 
ideals examination of a eee internal representation, before and after 
it has been ‘subjected to a quantifiable. transformation of phENCENres: 


The logic of the actual experiment is then ett straight forvard: I want 
¥ 
to ask individuals to encode the incongruent SORnAESYN map required for barrier’ 


detours or’to encode the congruent cognitive map- required, si the addition and 
a 


deletion of landmarks. Next I need to demonstrate Ene, the encoded structures 


are in fact incongruent or. congruent with respect. to ‘civ initial. landmark 


configuration. Support for the accommodation hypothesie will then consist in 
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ma ok demonstration that there are distortions in a subject's recollection 


. 


‘of the: antedan spatial representation which can only be attributed to having 
“Ygarton the Ancongruity-producing barrier transformation. 
a ee ree ae phe 
pcttas 1 a eee ee ad 
The landmark or consLated of 13 prominent buildings on the . ~d 
Stanford University satel: and ‘the subjects, were 27 undergraduates who had 
lived on campus six months or more. ‘Bach, undergraduate picyided an: initial 
description of the relative. locations of these landmarks by rank-ordering a. i, 
deck of index cards in which each pair of landmarks was “aamed on a seperate 
card. Subjects were instructed to rank the cards according -to their estimates ~ ; ( 


of the relative size of each interlandmark trip. They were further instructed 


that their estimates should be of the shortest possible walking distance in 


. - . 
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' The barrier manipulation in the ere ees condition tavolved the : 
f 


each case. 


description of an imaginary barrier down the middle of the campus (dashed’ 


line in Figure 1) and instructions that the deck of extp cards now be ordered - 
Insert Figure 1 about here os 


so as to take account of the increased length of those trips requiring dated 
around the barrier’ _ The substitution manipulation in the assinilation condi- _ 
tion was accomplished by Faplacing five oan Laiidhatks with five new.ones and 
providing a new deck of trip\cards to be ene otdered. (Elements in this 

: . modified Sette iete are indicated by open cfeatet in the figure.) Finally, : " 
subjects in both conditions were instructed to recovér their original: 

i ci aces -of the landmark configuration by neproducing their initial 


rank-ordering as accurately:as possible. ; - ad , uf 
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_ daternal representations as instructed. A multidimensional scaling p ocedure | 


‘ 


The first data question is whether subjects actually transformed their . 
by. individual ae Figure 2. shows the landmark configuration 


By ; fe Figure 2 about here | 


ies 12 subjects in the p¥erier apeidiaetan: The darkened circles repr sent 


- 


‘indicate the degree and diséceion of step lacemene nt the Landnark fr 


Jandmark locations on the detour trial, and the eee Aine ann nt 
a 


original: sgsahaens ue is apparent that the birriée distorts the tw 
dissasicnsl structure of the configuration by forcing Jandgrks aH clusters 
, on either side of he barrier. The barrier transformation ‘is thus /producing _ 


a 


the kind of structural incongruity that we have associated with the process ie 
: 


oH % 


“of accommodation. — Pe. eS 4 2 e 


Using the game scaling procedures, we can superimpose the spatial *repre-, 


: it 
sentation from the substitution trial upon rife configuration from the aneteel 


*. trial for 15 subjects in the substitution condition, Figure a4 lshows~ 
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_ Insqrt Figure 3 about here yf 


that the two spatial oe tations fit together rather well. The darkened , 
Cc 
circles in this case saaucaey landmarks in the original eoutdeuention while 


the bes circles identify Jandnarks in the ‘conf {guration in which substitutions © 


have hewn made. Corresponding landmarks in each map are connected by line 
segments. You will note that the eight landmarks ccmean to ab piesa 


fefons are located in approximately the same position in each spatial 
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representation. It is this correspondence of. psychological structure that 


r . . 4 . / 
" Sysgeste that substitution transformation involves a process of assimilation - 


cuthar than accommodation. 
® 


ay, Given that the scaling analyses show that the two trostinental 


meaasyetar sone were successful, ‘we can now consider the critical data ques- 


tion: Can discrepancies between a subject's driginal rank-ordering of inter- « 


landmark distances and the rank-ordering he recovers subsequent to the 


barrier transformation be attributed to the enduring impact of that trans- 
formation? The accommodation hypothesis, as it-has been formulated here, ~ 


predicts that they can. If there has been no accommodation of the original 
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cognitive map to the momentary. presence of the barrier, rope the difference 
between the pre- and posecbbecie: FankSng of a trip, which aivelved a detour oo 
ought to approach zero. However, if the original map nee been. somewhat ae 

. teshaped by the constructive encoding of the BAErsary et a knowledge of 

the barrier aa aici enable us. to predict. these discrepancy 

scores with some degree of accuracy, : In face, the barrier CESDREDERAESON , 15% 
can be quantified eather easily. We simply determine by sched measurement “6 | 

the normal and detour rank that an ideal subject would provide and a ee 

then calculate the change in rank that would be expected for each fe 

inyolving a barrier deveare There are 40 such trips and the r ) of 40 


ideal change scores represents a rather precise description-of the transforma- 


tion imposed by the barrier. Thus, int order to provide support for the 


* accommodation hypothesis, we need only show that we:can predict the difference: my 


Fa 


between pre- and post-barrier ranks of detour trips from out knowledge 
* the changes in ranks that an ideal subject would have made in responding 
to the barrier matfipulation. 
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The median difference between initial and final ranks of detour trips * : 


was computed for the 12 barrier subjects’ and plotted. against the idea} change e: 


wate 


scores, that characterize the barrier transformation, As shown in Figure 4, 


Seer 


Insert Figure 4 about here Psp ne vs 


, 


the slope of thie line measures the residual or ‘enduring effects of the 


" parties transformation with PaHpEEE to the encunt: of change thduced by die” 


actual presence of the barrier. The linear regression in this’ instance is. 


significant at the .05 level. This result indtcatea that, having restruc- 


\ tured” their cognitive maps, paretay subjects were subsdquently unable to 


recover i ck dean representations intact. Furthermore, if we 


interpret oe siooe as a measure of the degree of accommodation, we can 


conclude that for every six units of change Seton in the barrier trans- 


’ formation, there is a one unit of transformational residye in 


the post<barrier’ maps. a, wae 


i 


In contrast, the median difference between the initial and the final 


ranking of each substituted trip in the assimilation condition does ae 


‘ ) ‘ 
approximate zero. These medians have been plotted against the ideal values 


~~ 


characteristic of the substitution transformation in Figure 5. 
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The constructive encoding-of the modified landmark set did not produce any 


_ enduring change in the cognitive maps of substitution subjects. This re- | 


‘ 
. 


‘sult is just what’ one would expect in a condition simulating the process f 
of assimilation. ad x 
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Discussion _ . / Py 


‘The important finding in this set of data is that a significant por- 


, tion of ‘the observed discrepancy between the initial and the/#ined Papronenta= 


tion of the landmark configuration in the detour costicich le be predicted 


from a knowledge of: the barrier transformation. No such transformational 


- residue is detectable in the substitution condition. These ata deonstrate 


"that some traneformations of internal representations ate re atively 


Serevarelhte in the sense that the SEaUELoERe? representati : cannot be 


tuned ares restored to its or¢ginal Fotni Siu the far er transforma- 
tion appears to differ from the subatitutdon pean pepe n = the, computa- 
tional effort it demands and in the amount pf change it Lvendeta, as well . 
as‘in its structural impact upon the initial representation, it its not 
possible at this point to determine eeadity why the barrier transformation 
is more reactive than the substitution transformation. pc ie at is” 


“clear that the results provide a direct test of one version of the s 


accommodation hypothesis and that the phenomenén is more powerful than might 


_ have been ‘anticipated. We know that it must be powerful ‘because the in- 


carnal representation a student has oF campus landmarks is based on a.good 


deal of past experiewre and is important ‘for much of. his gaily routine: a 
cognitive structure of this sort is not likely to be reshaped by incon~ 
’ ° A : Py 


sequential, variables. 
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Now.that a model of the accommodation process has been formulated, 
‘it becomes of interest to ask whether the‘ process is different for children 
‘ than it is for adults. A popular assumption would be that accommodation 


{ 


‘ occurs more often in the cognitive lives of children than it does in adults, 


—a- 
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Vg * é 
fies such a seasaat needs to be examined carefully. Since children may well 

have a smaller repertoire of cognitive structures, acconmodation may’be more p ; oi 
evident in their mental activities simply ee they. are nore often: re- | 
daiced to transform ehene ine arn sae to the task demands of their 
environments. On the other hand, the internal - representations of children 
may actually be more plastic under any sort of transformation--that is, the 
slope of the transformational residue equation may be much larger for then 
_ than for adults. Such malleability might be the case because children 
happen to transform their underlyiig representations while aduits tend to 
create working copies on which to perform their transformational computa- 
tions so as to avoid distortions of the original representation.- Thus 

the model of the accommodation process I am proposing here raises some 
intriguing research questions. But I believe that the real value of this: 
cxnerptuabizetion La that it provides a more elegant description of 
assimilation and accommodation than has so far bewe poswibie. As ‘such, it 


4 ; i) te 
should aid us to develop more elegant answers to issues that have been of 


central concern to developmental psychologists. 
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